Supplementation of a basal c0rn-soybean meal diet with 0 or .2% L-lysine and O, .25 or .55 ppm biotin produced six dietary treatments in a factorial arrangement. Pig performance, postweaning scour scores, plasma urea N (PUN) levels, N and energy balance and liver pyruvate carboxylase activity (PC) were response criteria. Crossbred pigs were fed from weaning at 4 wk of age (8.0 kg) to market weight in performance trials utilizing 552 pigs in the 35-d starter period and 384 pigs in the subsequent grower (about 21 to 50 kg) and finisher (about 50 to 95 kg) periods. Pigs remained on their respective dietary treatments for the entire experiment. Energy and N balance trials were conducted utilizing 36 barrows from the grower period (avg 44.7 kg) and 36 barrows from the finisher period (avg 90.3 kg) of the performance study. Barrows were sacrificed following completion of the 6-d collection periods to measure liver PC activity. The basal starter diet contalned 17.0% crude protein (CP), .86% lysine and .22 ppm biotin. Increasing the corn:soybean meal ratio reduced the dietary levels of CP, lysine and biotin to 14.8%, .69% and .19 ppm for the basal grower diet and to 11.1%, .50% and .17 ppm, respectively, for the basal finisher diet. Lysine supplementation improved (P<.05) average daily feed intake and average daily gain for all periods, gain:feed ratios for the starter and grower periods and reduced (P<.01) PUN levels at the end of the starter and finisher periods. Added lysine had no effect (P>.10) on N or energy balance for either period studied. No biotin effects (P>.IO) were obtained for any parameter studied. Biotin present in the basal corn-soybean meal diets was adequate for pigs reared in environmentally modified buildings from weaning to market weight.
Introduction
Intensification of the swine industry has resulted in increasing the nutrient density of typical swine diets. The biotin needs of the pig may increase as the fat, carbohydrate and protein levels in the diet increase (Tagwerker, 1973) . While the dietary essentiality of biotin is well documented (Lindley and Cunha, 1946; Cunha et al., 1947; Glattli, 1974; Hamilton et al., 1983) , the biotin requirement of the growing pig has not been established (NRC, ' Contribution from the Missouri Agr. Exp. Station. Hoffman-La Roche Inc., Nutley, NJ are acknowledged for conducting the microbiological growth assays for dietary biotin content. Supported in part by the Natl. Inst. of Health Institutional Biomed. Res. Support Grant RR-07053.
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aFor reprints: 110 Anita. Sci. Res. Center. Received February 6, 1985 . Accepted August 23, 1985 ). Hamilton et al. (1983) suggested that the biotin requirement for 11.0 to 26.0 kg pigs fed semipurified diets to be near the current NRC (1979) suggested level of .10 ppm. Biotin binding to a lysine fraction of carboxylating enzymes is necessary for normal carbohydrate metabolism (Sigel, 1981) and adequate biotin is needed for amino acid incorporation into protein (Dakshinamurti and Mistry, 1963; Dakshinamurti and Litvak, 1970; Boeckx and Dakshinamurti, 1974) . Lysine is accepted as the first limiting amino acid in corn-soybean meal diets fed to swine and it may replace soybean meal to reduce the dietary crude protein level (Easter and Baker, 1980) . Thus, the level of dietary lysine may alter the biotin needs of the pig.
The purpose of this experiment was to evaluate the effects of supplementing cornsoybean meal diets with three levels of biotin and(or) two levels of lysine when fed to pigs from weaning to market wt. Pig performance data, postweaning scour scores, plasma urea N dBased on lysine and biotin analyses, respectively, for corn (.25% and .145 ppm), soybean meal (2.60% and .418 ppm) and low-lactose dried whey (1.05% and .315 ppm). levels, N and energy utilization and pyruvate carboxylase activity were response criteria.
Experimental Procedure
Performance Trials. Five 35-d trials were conducted during the starter period utilizing a total of 552 crossbred pigs weaned at 4 wk of age (avg 8.0 kg initially) in 23 weight blocks (replicates with four pigs/pen), with gender and litter stratified across weight blocks. The basal corn-soybean meal-dried whey starter diet contained 17% crude protein (CP), .86% lysine and .22 ppm biotin on an as-fed basis calculated from an average of the three samples of each ingredient analyzed (table 1) . Actual lysine (Benson and Patterson, 1971) and biotin a levels were: .25% and .145 ppm for corn, 2.60% and .418 ppm for soybean meal and 1.05% and .315 ppm for dried whey, respectively. Six dietary 4Microbiological growth assay conducted by Hoffman-La Roche Inc., Nutley, NJ.
treatments were produced by a factorial arrangement with two levels of lysine (0 or .2% added as L-lysine-HC1) and three levels of biotin (0, .25 (table 2) . The basal finisher diet contained 11.1% CP, .50% lysine and .17 ppm biotin (table 1) . Pigs were housed in environmentally modified buildings containing totally slatted concrete floors (12.7 cm slat and 2.54 cm slot) with 1.2 x 2.4 m pens for all the starter trials and 2.4 • 2.9 m pens for all the grower and three finisher trials. The pigs in one finisher trial (two replicates of eight pigs each) during the summer of 1983 were housed in an open-front building with a solid concrete floor and 3.0 x 7.6 m pens (3.0 x 3.0 m covered). Self4eeders and nipple waterers provided feed and water ad libitum for the entire experiment. Pig weights and feed consumption were recorded weekly for the starter period and biweekly for subsequent periods.
Nutrient Balance. Energy and N balance were studied utilizing a total of 72 crossbred barrows, 36 in three grower trials (avg 4.4.7 kg initially) and 36 in the three finisher trials (avg 90.3 kg initially), with two replicates/trial. All pigs were selected from replicate pens during the grower and finisher periods previously described. Pigs continued to receive their previously assigned dietary treatments (table 2) during the grower and finisher balance trials.
Pigs were housed individually in stainless steel metabolism crates (152.4 x 43.2 cm and 152.4-x 66.0 cm for the grower and finisher trials, respectively) for the 7-d adjustment and subsequent 6-d collection periods. Feed intake was equalized within replicate and provided with water in a 2.5:1 ratio (water:feed)twice daily. Pigs were weighed at the beginning and end of the collection period.
Chromic oxide was added to the diets at a level of .01% to serve as an indicator in determining diet digestibility. Fecal samples, total urine, and orts were collected daily for individual pigs. About 35 ml of 6N HCI and 100 ml of toluene were added to the plastic urine containers initially and at each collection to prevent N and caloric loss. Total urine volume was recorded and toluene-free aliquots of 10 and 5% for the grower and finisher periods, respectively, were pooled and frozen pending analysis for N (AOAC, 1975) and gross energy (GEL Urine samples were freeze-dried (50 ml) with 2 g solka-floc and GE determined relative to a solka-floc blank by bomb calorimetry. Pooled feces and orts for individual pigs were dried at 50 C in a forced-air oven and frozen. Dried feces, orts and feed were ground in a Wiley Mill to pass through a 1-mm screen and analyzed for CrzOs (Gehrke et al., 1950) , N, GE and dry matter.
Plasma and Liver Parameters. All pigs were bled by vena cava puncture at d 1 and 35 and at the end of the performance trials. Blood (10 ml) was collected in tubes containing 32 units heparin/ml of blood. Plasma was separated by centrifugation (1,600 x g for 15 min) and stored at -20 C pending analysis for urea nitrogen (PUN) following deproteinization with .2M TCA (Sigma Chemical Co., 1974) .
Pigs utilized in the nutrient balance trials were stunned and sacrificed by exsanguination at the end of the collection period. Livers were weighed following removal of the gall bladder and 1 g samples of the left lateral lobe homogenized to determine pyruvate carboxylase (PC) activity in vitro as previously described (Hamilton et al., 1983 ).
The experimental model was a randomized complete-block analysis of variance utilizing weight blocks as replicates with a 2 x 3 factorial arrangement of treatments, and was analyzed accordingly (Snedecor and Cochran, 1967; SAS, 1979) . Appropriate main effects and interactions were tested with orthogonal contrasts. Scour scores and data presented as coefficients or percentages were transformed and analyzed as described for normally distributed data. Each pen of pigs was considered the experimental unit for statistical analysis of performance data and scour scores. Individual pigs were considered the experimental unit for PUN, PC activity and nutrient balance data.
Results
There were no treatment • trial or lysine x biotin interactions (P>.10) for any response criteria measured at any experimental period. Thus, the trials were pooled and only the lysine and biotin main effect means for those response criteria are reported and discussed.
Performance Trials. During the starter period, pigs fed diets with added lysine had greater (P<.01) average daily feed intakes (ADFI), average daily gains (ADG) and gain:feed (G:F) ratios than pigs fed diets without added lysine (table 3) (table 6) were similar (P>.10) for all main effect comparisons. Thus, subsequent PUN data were analyzed without a covariate. Pigs fed diets with lysine added had lower (P<.O1) PUN levels on d 35 and at the end of the finisher period than pigs fed diets without added lysine. Biotin supplementation had no effect (P>.IO) on the PUN levels of pigs for any time period studied during the performance trials (table 6) .
Liver PC activity was not affected (P>.IO) by lysine or biotin supplementation in the 72 pigs sacrificed from the grower and finisher Clnitial and final weight of pigs were recorded prior to initiation and after completion of the balance collection period, respectively. Clnitial and final weight of pigs were recorded prior to initiation and after completion of the balance collection period, respectively. balance trials. Across-treatment means -+ SE/pig were 1.23 + .30 and 1.85 +--.71/amol 14CO2 for the grower and finisher balance periods, respectively.
Discussion
The addition of lysine to our basal starter, grower and finisher diets improved the performance of pigs at all periods, indicating that lysine was limiting in these diets. A decrease in the level of PUN is an indicator of improved protein utilization (Brown and Cline, 1974) . Our PUN data at the end of the starter and finisher periods is in agreement with our performance data, confirming that .2% added L-lysine improved protein utilization in all periods. However, a similar improvement in N utilization was not obtained for our grower or finisher balance trials.
Nitrogen balance has been utilized as a response criterion for assessing the dietary requirement of various essential amino acids in swine (Mitchell et al., 1968a,b; . However, a comparison of our balance and performance data suggest that weight gain, feed efficiency and PUN levels are more sensitive and practical response criteria than N balance for evaluating the optimal dietary lysine requirements of growing and finishing swine. Several factors may have produced the differing results obtained for our performance and balance trials. The pigs utilized in the balance trials had less than optimal air-dry diet intakes relative to NRC (1979) recommended intakes. Further, the performance trials allowed greater replication of experimental units and provided an evaluation of the dietary treatments over the entire growth period rather than the selected 6-d balance periods utilized in this study.
Our basal starter diets provided a dietary lysine level of .86%, which exceeded the NRC (1979) suggested requirement of .79% for 10.0 to 20.0 kg pigs. Previous reports suggest that the current NRC (1979) lysine requirement for young pigs is too low and should be increased Day bled d'eLysine main effect means in the same row with no common superscript differ (P<.01).
fFinal bleeding taken upon completion of the study when pigs averaged about 95 kg.
to levels of 1.15% or greater (Lewis et al., 1981; Rosell and Zimmermen, 1984) . The basal grower diet utilized in the present experiment provided .69% lysine which is similar to the NRC (1979) suggested lysine requirement for 20.0 to 35.0 kg pigs. However, the improved performance we obtained when .2% L-lysine was added to the basal grower diet suggests that NRC (1979) requirements for growing pigs may be inadequate to support maximum growth.
The lysine and CP content in our basal finisher diet was below the NRC (1979) requirement of .57 and 13.0%, respectively. Thus, lysine was limiting in our basal finishing diet containing .50% lysine and 11.1% CP, although G:F ratios were not improved by the addition of .2% L-lysine to the diet. The concurrent increase in ADG and ADFI resulting from the addition of lysine in this experiment would account for the lack of a similar response in G:F ratios. Feed intake would be expected to increase when the amino acid balance is improved by the addition of a limiting amino acid.
Biotin additions to the basal corn-soybean meal diets did not improve the performance or N and energy utilization of pigs in this study. The lack of any response to added biotin was not surprising because biotin did not increase liver PC activity in either period studied. Further, the biotin levels in the basal diets fed during each phase exceeded the current NRC (1979) suggested level of .1 mg/kg of diet for growing pigs. Hamilton et al. (1983) reported that the dietary biotin needs of 11.0 to 26.0 kg pigs were not greater than the .09 mg/kg provided in the semipurffied diets containing no supplemental biotin. However, pigs in their study that were fed diets containing spray-dried egg albumin, which contained avidin and trypsin inhibitor, developed biotin deficiency symptoms, including a reduced liver PC activity, not observed in the present experiment. Thus, biotin was not limiting in the basal corn-soybean meal diets fed during each phase of the present experiment.
Added dietary biotin did not improve lysine utilization in the present study as measured by pig performance, PUN levels and(or) N balance from 8 to 95 kg body weight, because the corn and soybean meal in the basal diets provided adequate biotin levels. However, biotin supplementation has been reported to increase protein synthesis in rats and chicks fed a dietary source of avidin to induce a biotin deficiency (Dakshinamurti and Mistry, 1963; Dakshinamurti and Litvak, 1970; Boeckx and Dakshinamurti, 1974) . Thus, our present results indicate that biotin supplementation of cornsoybean meal diets for growing pigs is unwarranted based on our criteria of performance and N and energy utilization. Our results also confirm the earlier reports by Washam et al. (1975) , Easter et al. (1978) and Veum et al. (1978) that biotin supplementation of cornsoybean meal diets did not improve the performance of growing pigs.
